Summary The effect of Pentylenetetrazol (PTZ, Metrazol) upon the identified neurons of Japanese land snail was studied. 1) In the pleuro-parieto-visceral ganglion of Japanese land snail, Euhadra peliomphala, three types of cells can be differentiated morphologically and functionally as those; depolarized by acetylcholine (D-cell), hyperpolarized by acetylcholine (H-cell) and indifferent to acetylcholine (I-cell).
Summary The effect of Pentylenetetrazol (PTZ, Metrazol) upon the identified neurons of Japanese land snail was studied. 1) In the pleuro-parieto-visceral ganglion of Japanese land snail, Euhadra peliomphala, three types of cells can be differentiated morphologically and functionally as those; depolarized by acetylcholine (D-cell), hyperpolarized by acetylcholine (H-cell) and indifferent to acetylcholine (I-cell).
2) PTZ produces a phasic depolarization followed by a sustained depolarization in the D-and H-cells. 3) PTZ has no specific effect upon the I-cell. 4) By application of d-tubocurarine, atropine and hexamethonium, the typical phasic activity evoked by PTZ is not affected in either the D-or H-cells, suggesting that the effect of PTZ is not of synaptic origin but of endogeneous origin. 5) Neither cholinergic nor noncholinergic inhibitory input to the Dand H-cells are affected even at the peak of PTZ activity.
In a study of cortical intracellular potentials of cats during seizure discharge induced by Pentylenetetrazol (PTZ), SUGAYA et al. (1964 SUGAYA et al. ( , 1971 ) observed a characteristic sustained excessive depolarization coincident with the surface paroxysmal seizure wave of the cerebral cortex. During a surface seizure wave induced by a method other than with PTZ, the intracellular potential of the cerebral neuron shows a similar pattern of membrane potential change (SAwA et al., 1963; MATSUMOTO, 1964; SUGAYA et al., 1964; CREUTZFELDT et al., 1966) .
The elucidation of the origin of this characteristic change of intracellular potential during PTZ action will be a clue in clarifying the mechanism of the Usually potentials were recorded from two cells at the same time through cathode follower preamplifiers with grid currents of less than 10-13A and dual beam oscilloscope. The reference Ag-AgCl electrode was immersed in the bathing chamber. Long recording cameras were used for recording.
The drugs were diluted in the snail Ringer solution and introduced to the chamber through channels independent of the bathing mechanism. ACh was applied by another independent channel opening very close to the ganglion. The concentration of ACh used was 10-4 M. The concentrations of PTZ were from 10-3 M to 10-1 M.
Pure crystalin PTZ, kindly donated by Sankyo Co., Ltd. (Tokyo), was dissolved in snail Ringer solution.
RESULTS

Orientation of identified cells of Euhadra
The large neurons in the pleuro-parieto-visceral ganglion of Euhadra attain diameters of 200-500 it; moreover, the location and electrophysiological properties of identified cells are relatively constant in most of the snails. In some animals, however, a certain variation of location is found; in these cases the relatively constant location of the five most obvious coloured cells described below, helps in finding the desired cell type around the fundamental location.
The schematized general view of the dorsal surface of the pleuro-parietovisceral ganglion of Euhadra is shown in Fig. 1 . Five clusters are seen from the dorsal side of the ganglion. The boundary between each cluster is clear and constant. The following nomenclature for the cluster and the identified cells is similar to that used for Aplysia californica by FRAZIER et al. (1967) and for Helix aspersa by KERKUT and WALKER (1962) and by GLAIZNER (1968) : 1) The letter R or L indicates the hemiganglion in which the cell is located, either right or left as viewed from the dorsal surface.
2) The identified cell is designated by a) the letter R or L indicating the right or left cluster in which it is found, b) the letter O or C indicating the oral or caudal division of the cluster, and c) the number which was given to each cell in an arbitrary order.
2. Morphological and electrophysiological properties of each identified cell a) RC-cluster. This cluster is the most superficially situated; many cells can be identified visually in this cluster. The neurons RC-1 to RC-5 are the most prominent in that they are rich in orange pigment. The location of the other cells are, therefore, decided in relation to these five prominently pigmented cells.
The electrophysiological properties of cells from RC-1 to RC-5 are such that the cells usually fire spontaneously at regular and moderate rates of about 0.5-1/sec. RC-2 has a circadian rhythm which shows a tendency to a bursting spontaneous firing in the daytime and a regular firing at night. The response to E. SUGAYA, and M. TSUJITANI On the oral side of the cells RC-1 to RC-5 , a certain number of moderately pigmented cells forming a group are found which show hyperpolarization to ACh (H-cell). The numbers given to these cells are 7 to 15 . The cell RC-6 is a large white cell and is nonsensitive to or slightly hyperpolarized by acetylcholine depending on the season. b) RO-cluster. In this cluster, only one identified cell RO-1 was used for the experiments. It is a white relatively large cell situated near the middle line which divides the ganglion into right and left portions . It usually has no spontaneous firing. In some animals, this cell shows a very slight hyperpolarization to ACh only in the active season, but more generally it is quite insensitive to ACh (I-cell). Artificial depolarization or hyperpolarization by injecting current from a second intracellular microelectrode did not alter the indifference of the membrane potential to ACh. There was also no change in the membrane resistance when tested by injecting short current pulse. c) LO-cluster. The identified cell is LO-1 which is located symmetrically to RO-1. LO-1 is also indifferent to ACh as is RO-1 .
Each identified cell shows a specific response to nerve stimulation . The main characteristics of the above-mentioned cells are summerized in and small oscillation of the membrane potential arises. In the next step, the slow oscillation becomes larger, and approximately three to five minutes later, a sudden depolarization takes place with a train of spike discharges on its rising phase. This is followed by a long sustained plateau which terminates with a sudden fall to a hyperpolarized level (Fig. 2B) . In some cases, after the membrane potential reached the initial level, a series of IPSP's was observed superimposed on the postexcitatory hyperpolarizing waves (Fig. 3) . These phenomena induced by PTZ bear a striking resemblance to the response of the neurons in the cerebral cortex of cats (SAwA et al., 1963; MATSU-MOTO, 1964; SUGAYA et al., 1964) . Figure 2D shows the recovery from PTZ effect 15 min after washing with Ringer solution.
The PTZ solution from 10-3 M to 10-2 M induces a slow oscillation of the (Fig. 5C, upper trace) ; The long sustained hyperpolarization of the H-cell followed by short hyperpolarization which may be analogous to the late IPSP of Aplysia (KEHOE, 1967) 
Evoked IPSP and PTZ effect in D-cell
The D-type cell, for example, the RC-1, shows inhibitory synaptic activity by r-parietal nerve stimulation, while the D-response induced by ACh or intestinal nerve stimulation is completely abolished by d-tubocurarine. The former inhibition, therefore, is obviously mediated by some transmitter other than ACh. Since PTZ effect is not changed by d-tubocurarine, it might be assumed that the PTZ blocked the noncholinergic background. To examine this possibility, the evoked IPSP of a D-cell during PTZ application was observed. As shown in Fig. 7 , during PTZ-induced sustained depolarizing potential, the IPSP can be evoked even at the peak of the plateau phase. Thus the PTZ does not block the noncholinergic inhibitory transmission.
7. PTZ effect and the action of acetylcholine in H-cell By applying PTZ, the H-cell shows the same typical phasic activity as the D-cell. It may be suspected that PTZ blocks the cholinergic inhibitory input in H-cell. To examine this possibility, ACh was applied during PTZ action on the H-cell. As shown in Fig. 8 , the membrane was hyperpolarized by ACh and the PTZ phasic activity was abolished. This suggests that the cholinergic inhibitory input in the H-cell should be intact during action of PTZ. 
DISCUSSION
The cells of the pleuro-parieto-visceral ganglion of Euhadra peliomphala can be divided into three groups; cells depolarized by acetylcholine (D-cell), cells The possible sites of the action of PTZ are : 1) the excitatory presynaptic terminals which could abruptly and successively liberate a large amount of transmitter substances ; 2) the postsynaptic membranes where sensitivity to the excitatory transmitter substance could be augmented; 3) the blocking of inhibitory synapse and 4) someplace other than a synaptic region, i.e. of endogeneous origin. The fact that both the D-and H-cell demonstrated the same response pattern negates the first possibility. The second may also be impossible because of the unchangeable reaction of PTZ after abolition of cholinergic response, such as with application of d-tubocurarine, atropine and hexamethonium. There is a possibility that the cholinoceptive D-cells receive noncholinergic excitatory inputs, and PTZ may augment the sensitivity of such a postsynaptic membrane. But it is difficult to suppose two types of excitatory inputs in one neuron. However if so, the medium with increased Mg+ + or lowered Ca+ + would decrease the transmitter release, and would decrease the PTZ effect. In the experiment in the medium with Mg+ + increased up to 20 mm or Ca+ + lowered down to 2 mm the PTZ-induced phasic activity was not affected. This makes an explanation based on the second possibility more unlikely.
The fact that neither the spontaneous nor the evoked IPSP's of both the Dand H-cells are abolished at the peak of PTZ effect obviates the third possibility. The results support, but do not prove definitively, the fourth possibility : the origin of PTZ-induced changes may be endogeneous ; at least, the main site of effect seems not to be specifically related to synaptic transmission. GERSCHENFELD and TAUC (1961) reported that the somatic membrane remote from the synaptic region is also sensitive to ACh, though in a lesser degree, in Aplysia depilans. Supposing a resemblance of Euhadra neuron to that of Aplysia, there would be a possibility that such an ACh-sensitive region plays a certain role in the PTZ action. The results under the action of d-tubocurarine showed, however, that after the blockade of the ACh-sensitive cell membrane, the PTZ effect was unchanged. This means that the main change is in neither cholinergic synapse nor the nonsynaptic ACh-sensitive membrane.
The manifestation of the peak of PTZ action requires at least five minutes. This long latency may suggest that some metabolic change is responsible for the effect of this drug. The fact that PTZ is more effective on highly coloured cells, and the fact that to a certain level (to about 30°C) the higher the environmental temperature the stronger is the PTZ action (unpublished data), are consistent with this hypothesis. As the present data do not permit this conclusion to be drawn concretely, the examination of the neurochemical or metabolic process underlying the mechanism of PTZ-induced convulsion in the cellular level is desirable.
In the mammalian cerebral cortex, MATSUMOTO et al. (1969) demonstrated that the penicillin-induced seizure activity is of synaptic origin. Discrepancy between their results and our data is also the subject of further investigation. In mammals which have a highly developed neuron network, the seizure discharge induced may be mainly of synaptic origin. Nevertheless, the original cell which gives such successive EPSP's would undergo a similar change as demonstrated above in the snail neuron.
The PTZ concentration necessary to provoke the same pattern of the intracellular neuronal potential is rather high compared with that for mammalian cerebral cortex. There is no adequate explanation for this point. The highly complex neuron network in mammalian cerebral cortex could be a definite factor, where multiple feedback loops and high synaptic background bombardments provide a suitable condition for evoking the convulsive state.
In leech neurons, PRICHARD (1971a, b) has demonstrated the hyperpolarizing action of PTZ caused by the increased permeability of the chloride ion. On the other hand, BORYS and ESPLIN (1969) have shown the absence of change in the discharging rate of Renshaw cells of cats. In Euhadra ganglion, as described here, there are convulsive and nonconvulsive neurons. The fact that PTZ action differs according to the type of neuron would provide a clue to the event at the state of convulsion.
